A high-resolution, near-surface geophysical survey was conducted in 2013 on the Campeche 25 Bank, a carbonate platform offshore of Yucatán, Mexico, to provide a hazard assessment for 26 future scientific drilling into the Chicxulub impact crater. It also provided an opportunity to 27 obtain detailed information on the seafloor morphology and shallow stratigraphy of this 28 understudied region. The seafloor exhibited two morphologies: (1) small-scale (<2 m) bare-rock 29 karstic features, and (2) thin (<1 m) linear sand accumulations overlying the bedrock. Solution 30 pans, circular to oblong depressions featured flat bottoms and steep sides, were the dominant 31 karstic features; they are known to form subaerially by the pooling of rainwater and dissolution 32 of carbonate. Observed pans were 10-50 cm deep and generally 1-8 m wide, but occasionally 33 reach 15 m, significantly larger than any solution pan observed on land (maximum 6 m). These 34 features likely grew over the course of many 10's of thousands of years in an arid environment 35 while subaerially exposed during lowered sea levels. Surface sands are organized into linear 36 bedforms oriented NE-SW, 10's to 100's meters wide, and kilometers long. These features are 37 identified as sand ribbons (longitudinal bedforms), and contained asymmetric secondary 38 transverse bedforms that indicate NE-directed flow. This orientation is incompatible with the 39 prevalent westward current direction; we hypothesize that these features are storm-generated. Drowned carbonate platforms are found at many of the Earth's continental margins 45 (Schlager, 1981) . During sea level low-stands, much of these platforms are subaerially exposed 46 to karstic weathering, subject to the local climatic conditions at those times (Read and Grover, 47 1977). Subsequent sea level rise will preserved karst features against additional weathering; 48 where the sediment cover is thin, such geomorphology may be exposed at the seafloor and 49 accessible to acoustic surveys (Obrochta et al., 2003). Detailed seafloor mapping over carbonate 50 platforms therefore has the potential to enable investigating ancient karstic morphologies and, by 51 analogy to modern settings, provide an understanding of past climate conditions. 52
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FOCUS seismic processing package. In FOCUS, the amplitudes were laterally balanced but no 159 other filtering or scaling proved necessary. Heave filtering was also applied to improve 160 interpretability of the data. Processed STB data were interpreted using Landmark Decision 161 Space software 162 163
Cone Penetrometer (CPT) and Grab Sampling 164
The CPT system used is a 2 cm 2 cone penetrometer deployed from a 1300 kg frame. Two 165 attempts were made to collect CPT measurements on seafloor that was interpreted to consist of 166 sand accumulations. However, in each case the CPT head was bent backwards within 10-15 cm 167 of the CPT base, indicating hard bottom at the seafloor or only very minimal sediment cover. 168
To assess the seafloor sediment in further detail, a series of grab samples using a McIntyre grab sampler were taken around the IODP scientific drill sites. Carbonate content of 170 sands were tested by submersion in a 10% HCL bath; complete dissolution indicated 100% 171 carbonate content. Grain size analysis was performed by dry sieve for grain size larger than 1 172 mm, and settling column for grain sizes 1 mm to 64 µm. Visual observations indicated that the 173 samples contain an insignificant (typically <1%) fine (< 63 micron) fraction, and so were not 174 analyzed. 175 176
Results 177

Side-scan Backscatter and Grain Size Analysis 178
The side-scan mosaic (Figure 2 ) reveals the survey area to be dominated by a NE-SW 179 oriented, linear fabric of alternating high and low backscatter zones, over width scales of 10's to 180 100's of meters and length scales greater than the extent of the survey. The full suite of grainsize analysis are shown in the supplemental material. Grab samples 1, 5, 6 and 8 were collected 182 in high-backscatter regions (Figures 2, 3 ). All of these grabs collected very thin (< 2 cm deep) 183 amounts of sample, indicating an inability of the grab to significantly penetrate the seabed. Grab 184 8 in particular collected no sediments, returning only living flora and fauna: coral, sea urchin, 185 worms, at least two species of green flora, and a scallop. 186
Grabs 1, 5 and 6 also returned live flora and fauna along with sparse sediments. These 187 samples included coarse material consisting of whole and broken shells and coral fragments. 188
The high-backscatter regions are therefore interpreted to be fully exposed hardgrounds, or areas 189 of minimal sediment cover, assumed to be carbonate platform rock given the location on the 190 Campeche Bank and documented geology of the Yucatán shelf (Logan et al., 1969; Ahr, 1973) . 191 Grabs 2, 3, 4, 7, 9 and 10 were collected in low-backscatter regions (Figures 2, 3 ). All these 192 grabs returned, to >4 cm depth, well-sorted fine carbonate sand, with occasional small whole 193 shells, and large foraminifera. The low-backscatter regions are therefore interpreted to be sand 194 accumulations overlying the hardgrounds. largely dependent on where they were observed (see Cucchi, 2009 ). An early study of solution 223 pans in Texas (Udden, 1925) referred to them as "tinajitas", a local Spanish term for these 224 features that translates to "small water containers." Although this term may be appropriate given 225 the location in Mexican waters, we opt to use "solution pan" as a more generically descriptive 226 term. Solution pans observed on land are, however, considerably smaller than the largest 227 examples observed in this study, typically ranging from a few centimeters to 1-2 m wide, with a 228 maximum observed size of 6 m (Cucchi, 2009 
Multibeam Bathymetry 232
The overall bathymetry of the survey area is flat-lying, with short-scale variations ranging 233 from ~16 to ~18 m water depth (Figure 7) . The sand bedforms observed in the side-scan sonar 234 backscatter intensity data are also observed in the bathymetry ( With ~1 m vertical resolution, surface tow boomer reflection data were unable to resolve the 271 sand/limestone contact. We were, however, able to image a subsurface reflector, assumed to be 272 a layer within the limestone, ~1-3 m below the seafloor, and dipping slightly north ( Figure 12 ).study area. In particular, we find no evidence of any significant disruption of the reflector that 275 could be construed as a large karstic collapse structure, such as a cenote, which are common on 276 the Yucatán Peninsula (Connors et al., 1996) . 277 278 4.0 Discussion 279
Karst Development 280
By their similarity of morphology, and for lack of any plausible alternative explanation, we 281 interpret the bedrock depressions observed on the seafloor in our study as solution pans. 282
However, the formation of solution pans requires a critical condition: that bedrock be subaerially 283 exposed so that rainwater can pool in depressions and dissolve rock downward and outward 284 Even with > 100 kyr in exposure time, it is debatable as to whether this duration represents 298 sufficient time to form such large solution pans, due to the low weathering rates of limestone by 299 rainwater dissolution (typically 100ths to 1000ths of a mm/yr (e.g., Smith et al., 1995) ). 300
Information on growth rates for solution pans in particular, however, is extremely limited. 301
Cucchi (2009) reports measurements of 0.02-0.03 mm/yr for the lowering rate of solution pans. 302
However, for such extraordinarily large solution pans, the widening rate will be more important 303 than the lowering rate as the base of pan becomes inured to lowering by the detritus that collects 304 within. Rose and Vincent (1986) Peninsula (60-100 cm annually), has the thinnest soils (< 50 cm), and bedrock is exposed over 322 40-60% of the area (Isphording, 1978) . Despite the bedrock exposure, solution pans have not, to 323 our knowledge, been reported on land in this region, suggesting that even this amount of soil is 324 sufficient to accumulate in any depression and prevent solution pan evolution. We therefore 325 hypothesize that lowstand climate on the Yucatán Peninsula was more arid than it is today. 326
Possible support for this hypothesis is found in a paleoclimatology study of lacustrine sediments 327 in Lake Quexil, Guatemala (Leyden et al., 1994). Leyden et al. (1994) report that extremely arid 328 conditions existed at that location throughout the last glaciation. 329
The NW sector of the survey area exhibits a more complex morphology than the alternating 330 ribbon/bare rock morphology elsewhere, including scarps (up to ~1 m relief), deeper pitting (up 331 to ~1 m relief), and sinuous, dendritic channeling (up to ~2 m relief). These observations 332 indicate that a diverse karstic morphology is present on the Campeche Bank, with the weathering 333 effects of both flowing and standing water present. Flowing water could indicate that a period 334 wetter climate also existed sometime during the ~100 ky of subaerial exposure since OIS 5E. 335
Alternatively, it is possible that channel-cutting weathering/erosion of bedrock by surface flow 336 occurred during arid conditions. Examples of such morphology are numerous; they can be 337 driven either by steady spring-fed flows or punctuated floods (e.g., Laity, 2008). A better 338 understanding of this channel system would require a more extensive surface mapping effort to 339 determine form, extent and origin. 340 341 observed throughout the study area (Figure 2 ). Within the larger sand bedforms, we observe 344 asymmetric secondary bedforms (~20-100 m wavelengths and relief of ~0.2-0.6 m) with steeper 345 sides facing to the NE (Figure 9b) . The bedforms bear a strong morphological similarity to "type 346 C sand ribbons," in size, shape and sand thickness, as described by Kenyon (1970) Additional bedrock morphology observed in our study area includes flow channels up to 2 m 385 deep, and scarps up to 1 m tall. These features suggest a rich diversity of karstic landforms on 386 the Campeche Bank that will require additional survey work to explore and investigate origins 387 and timing. 388 A thin (< 1 m) cover of fine carbonate sands is also observed in the survey area. These sands 389 are organized into highly linear bedforms oriented NE-SW, 10's to 100's of meters wide, and 390 kilometers long (the length scale exceeds the survey extent), with exposed bedrock between the 391 sand bedforms. Within the larger bedforms we observe secondary bedforms with a scalloped 392 plan view and asymmetric cross section, with steeper slopes facing the NE. This morphology is 393 indicative of sand ribbons formed under a NE-directed flow regime. In contrast, the ambient, 394 year-round current direction in the vicinity of the survey region is westward; we suggest instead 395 that the sand ribbons formed during a cyclonic storm. showing strong contrast regions of low backscatter intensities, which are found to be sand 509 accumulations, and areas of higher backscatter intensity, which indicate regions of exposed rock. 510
Also identified are a scarp and a channel (a) that are observed in the bathymetry (see also Figure  511 8a). Location shown on Figure 2 . 512 
